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Displacement device 



The invention relates to a displacement device as defined in the pre- 
characterizing part of claim 1 . 



Such a displacement device may be used, for example, in a wafer stepper for 
making integrated circuits. Very accurate and fast displacements in the X- and Y-directions 
can be obtained by means of the device. In addition, small displacements in a Z-direction 
perpendicular to the X- and Y-directions are also possible. The displacements are dependent 
on the phase and the value of the current through the coils. A so-called Halbach magnet 
configuration is used in the system of magnets. The magnets in a row of magnets are 
magnetized here such that the magnetization directions of each pair of mutually adjoining 
magnets are rotated 90° relative to one another. The use of such a magnet configuration leads 
to a stronger magnetic field at the coil side and accordingly to greater forces for displacing 
the parts relative to one another. US 5,886,432 shows the use of a number of columns of 
magnets situated next to one another in accordance with the Halbach principle. The distance 
between the columns of magnets is equal to the width of a magnet here. Air is accordingly 

present between the columns. 

The displacement possibility in the Z-direction allows a levitation of a first 
part relative to a second part which is movable relative to the first, which is a major 
advantage because it is made possible to displace the first part and the second part in the XY- 
plane relative to one another practically without friction with the aid of means which are 
present anyway. Various solutions are conceivable for the control of such a system, which 
means need not be fimdamentaliy different from those used in similar systems where no 
electromagnetic levitation is used but where an air bearing is used for levitation by pneumatic 
forces, or some other kind of bearing for the displacements along the XY-plane. 

The one part will bear on the other part previous to startmg of the 
displacement device if levitation is used, because the levitation forces for separating the two 
parts from one another are not yet available at that moment. Many existing measuring 
systems capable of determining a position in an XY-plane operate incrementally, i.e. it is 
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determined from an initial position through counting of steps where the one part is with 
respect to the other part. The measuring system has lost its position in the case of a power 
cut, which renders it necessary to find the initial position again upon a restart imder the 
control of the system. 

In the case of electromagnetic levitation in accordance with US 55886,432, 
moreover, it is necessary to have accurate information on the local positions of the electric 
coils of the second part relative to the magnets of the first part immediately during starting, 
because the control of the currents through the various electric coils present for obtaining the 
necessary levitation is dependent on information about the local positions. 

The invention has for its object to provide a displacement device of the kind 
mentioned in the preamble which is capable of supplying the required accurate local position 
information also immediately upon starting. 

The displacement device is for this purpose characterized in that the 
displacement device is provided with a nximber of sensors sensitive to magnetic fields, which 
sensors supply a signal which is dependent on the local mutual positions of the permanent 
magnets of the first part relative to the electric coils of the second part in the region where 
these two parts overlap. 

The use of sensors sensitive to magnetic fields renders it possible for the first 
time to obtain direct information on the local position of the second part relative to the first 
part, even immediately during starting. 

Preferably, the embodiment of the invention as defined in claim 2 is used. It is 
in fact possible to locate the sensors sensitive to magnetic fields within this part in a maimer 
such that they are interfered with as little as possible by the interfering varying magnetic 
fields of the electric coils. 

Various types of sensors sensitive to magnetic fields are in existence. 
Preferably, however. Hall sensors are used in accordance with claim 3. These are indeed 
eminently suitable for the envisaged aim thanks to their property that they are capable of 
measuring high static magnetic field strengths. 

An embodiment of the invention as defined in claim 4 is strongly preferred. 
The use of one or several arrays of Hall sensors renders it possible to determine the position 
of the second part accurately within a pole pitch of the periodically recurring field of 
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magnetic poles in liie first part by means of suitable electronic circuits. This embodiment also 
has other advantages, as will be explained in more detail in the description of the Figures. 

An embodiment of the displacement device as claimed in claim 5 is 
furthermore preferred. In this embodiment, the magnetic field is fijrther optimized and the 
length of the array is defined such that the generated signal is as constant as possible in the 
case of a displacement of the array in the direction in which the array extends. 

In the embodiment of the invention as claimed in claim 6, therefore, the arrays 
used can be fully identical in view of the occurring symmetries of the magnetic field profiles 
in both diagonal directions. 

The embodiment of the invention as defined in claim 7 is preferably used. This 
embodiment, which will be explained in more detail in the description of the Figures, renders 
it possible to determine the position of the second part of the displacement device relative to 
the first part within a single pole pitch both in the X-direction and in the Y-direction through 
the use of no more than four identical Hall arrays placed at a distance from one another and 
through the use of suitable supporting electronics. 

The further embodiment of the invention as claimed in claim 8 renders it 
possible in addition to measure small angular rotations of the second part relative to the first 
part of the displacement device in a suitable manner in that a difference is measured between 
the output signals of systems of Hall sensors which lie in one another's extended direction. 

In the embodiment of the invention as claimed in claim 9, it is possible to 
derive from the amplitudes of the signals of two arrays belonging to one another the vertical 
distance between these arrays and the magnet plate, i.e. the vertical distance between the two 
parts of the displacement device. 

The embodiment of claim 10 relates to an advantageous positioning of the 
Hall arrays relative to the electric coils of the second part of the displacement device for 
minimizing any interference which may be caused by the magnetic field of the electric coils. 
The positioning in accordance with this embodiment can ensure that the influence of the coils 
on the Hall sensors of an array are predictable and identical. Suitable compensation measures 
may accordingly be taken in the control electronics for compensating said influence. 

Finally, a further embodiment as claimed in claim 1 1 was found to be 
advantageous- Linear arrays of Hall sensors each comprise a series of individual Hall sensors. 
These are foimd to have comparatively great differences in sensitivity to magnetic fields in 
practice, which makes it advantageous to have a possibility of individually adjusting Uie gain 
factor for each Hall sensor. 
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The invention will now be explained in more detail with reference to an 

example shown in a drawing, in which: 

Fig. 1 is a diagrammatic plan view of the displacement device with the system 

of magnets and the system of electric coils arranged therein. 

Fig. 2 shows a detail of the plan view of Fig. 1 , 
Fig. 3 is a cross-sectional view of the displacement device of Fig. 1, 
Fig. 4 shows an example of the use of the displacement device of Fig. 1 in a 

wafer stepper for the lithographic manufacture of integrated circuits. 

Fig. 5a is a diagrammatic plan view of a cut-out portion of the system of 

magnets of Fig. 1, indicating the positions of six arrays of Hall sensors arranged above the 

system of magnets. 

Fig. 5b is a cross-sectional view taken on the line V-V in Fig. 5a, 

Fig. 5c is a diagrammatic plan view of a cut-out portion of the system of 

magnets of Fig. 1 with an indication of the positions of three arrays of Hall sensors above the 

system of magnets. 

Fig. 6 is a strongly simplified diagram of a control system for controlling the 

position of the first part relative to the second part in the displacement device according to 

the invention. 

Fig. 7 is a diagram of a circuit for connecting the Hall sensors of an array to a 
sunamation amplifier via individual amplifiers so as to obtain an output signal of the array, 
and 

Fig. 8 is a diagrammatic perspective view of a possible arrangement of a 
system of coils with the positions of the Hall arrays between the coils. 

The displacement device diagrammatically shown in Fig. 1 comprises a first 
part 1 which is formed by a system 3 of magnets and a second part 2 which is formed by a 
system 4 of electric coils. The magnets are fastened on a carrier 5, and the coil system is 
fastened on a coil block 6. The first part and the second part are capable of moving with 
respect to one another. Usually, the stationary part is formed by the carrier 5 with the 
magnets, and the movable part by the coil block 6. A displacement device of this kind is 
described in the international patent application FCT/EPOO/07970 (PHN 17621), which was 
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filed previously but was not published in time before the filing date of the present patent 
application, and whose contents are deemed to be included herein by reference. 

The magnets are arranged on the carrier 5 in the following manner: the 
magnets are present in a pattem of rows 7 extending parallel to the X-direction and columns 
8 extending parallel to the Y-direction, equal distances being present between the rows and 
between the columns. Magnets of a first kind N and of a second kind Z are positioned in 
alternation in each row 7 and in each column 8. The magnets of the first kind N have a 
magnetization direction perpendicular to the carrier and directed towards the second part with 
the system of electric coils, whereas the magnets of the second kind Z have a magnetization 
direction perpendicular to the carrier and directed away firom the second part with the system 
of electric coils, A magnet of a third kind H is positioned between each pair of magnets of the 
first kind N and of the second kind Z in each row and in each colunm. The magnets of the 
third kind H present within the columns 8 have a magnetization direction which is parallel to 
the Y-direction and is directed towards the adjoining magnet of the fiirst kind N, and the 
magnets of the third kind H present within the rows 7 have a magnetization direction also 
parallel to the X-direction and also directed towards the adjoining magnet of the first kind N. 
The magnetization directions of the various kinds of magnets N, Z, and H are indicated with 
arrows. 

The system 4 of electric coils is provided with at least one coil of a first kind 
Ci whose current conductors 9 present in the eflfective magnetic field of tiie magnets enclose 
an angle of 45° with the X-direction, and with at least one coil of a second kind Ca whose 
current conductors 10, also present in the effective magnetic field of the magnets, enclose an 
angle of 45° with the X-direction and are perpendicular to the current conductors 9 of the coil 
of the first kind Ci. The current conductors being present in the effective magnetic field relate 
to that portion of the coil, usually a bimdle of current conductors, which is present in the 
magnetic field of the magnets and on which an effective Lorentz force is exerted whereby a 
movement of the coil is caused. 

The movement of the coils in the system of magnets will now be explained 
with reference to Fig. 2. Reference numerals 9i, 92, lOi, and IO2 indicate current conductors 
of the coils Ci and C2, respectively, positioned in the magnetic fields of the magnets. The 
current conductor 9i is situated mainly in the magnetic field of the magnets referenced N. 
The magnetization direction of these N-magnets is indicated by an arrow pointing upwards, 
i.e. perpendicular to the system of magnets and directed towards the current conductor 9\ . 
The direction of the magnetic field is indicated by an arrow Bi herein. If an electric current 
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flows through the current conductor 9\ in the direction of an arrow Ii, a force Fi will be 
exerted on the current conductor in the direction indicated by the relevant arrow, so that the 
current conductor wiU start moving in the direction of the arrow Fi. The current conductor 92 
is situated mainly in the magnetic field of the magnets referenced Z. The magnetization 
direction of these Z-magnets is indicated with an arrow B2 pointing downwards, i.e. 
perpendicular to the system of magnets and directed away from the current conductor 92. If 
an electric current flows through the current condtictor 92 in the direction of the arrow I2, i.e. 
opposed to the current Ii, a force F2 will be exerted on the current conductor 92 in the 
direction of the relevant arrow, so that the ciirrent conductor will start moving in the direction 
of the arrow F2, i.e. in the same direction as the arrow Fi. In the same manner, the current 
conductors lOi and IO2, which are perpendicular to the current conductors 9i and 92, will 
exert forces in the direction of the arrows F3 and F4 under the influence of the magnetic fields 
of the N- and Z-magnets in the case of currents along the arrows I3 and I4. It is self-evident 
that, if the currents in the current conductors are reversed, the forces exerted on and the 
movements performed by the current conductors will also be reversed. This interplay of 
forces is also illustrated in Fig. 3. 

Portions 1 1 of current conductors 9, 10 are also present above the magnets of 
the third type H and/or above regions where no magnet is present, i.e. between the magnets 
of the first kind N and the second kind Z (see Fig. 2, bottom left). These portions of the 
current conductors lie in a magnetic field B whose average direction is predominantly 
parallel to the X-Y-plane, See also current conductor 9ic in Fig. 3. If a current I flows through 
this current conductor, a force F will be exerted on said portions of the current conductor 
perpendicular to the X-Y-plane, i.e. in the Z-direction. Depending on the direction of the 
current and on the position of the current conductor relative to the magnets, the force will be 
directed towards the magnets or away from the magnets. If the force is directed away from 
the magnets, this force is denoted the levitation force Fi, i.e. a force by which the current 
conductor is forced away from the magnets. Such a force may be used for obtaining an 
electromagnetic levitating bearing between the coil block and the magnets. 

The magnets of the first kind N and of the second kind Z have a square shape. 
The magnets of the third kind H have an oblong shape of dimensions (see Fig. 2) such that 
the long sides 12 of a magnet H adjoin the sides 13 of a magnet N and a magnet Z, while the 
ratio of the dimension of the short side 14 to the dimension of the long side 12 of a magnet H 
lies between 0.25 and 0.50. It was found in an optimization analysis that the strength of the 
magnetic field per unit surface of the system of magnets is at its greatest then. 
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Fig. 3 shows two sets of three coils each, i.e. a first set Cn with current 
conductors 9u, 9ib, 9ic, and return current conductors 92a? 92b, 92c, and a second set C21 with 
current conductors 93a, 93b, 93c and return current conductors 94a, 94b, 94c. Both sets of 
currents are supplied by a three-phase current system. The first set Cn of three current 
5 conductors is positioned with a shift, seen in longitudinal direction of the current conductors, 
approximately equal to half Ihe pole pitch 16 of the magnets with respect to the second set 
C21 of three current conductors. The pole pitch 16 of the magnets is here defined as the 
distance of two mutually adjoining diagonal lines on which Ihe centerlines 17 and 18 of 
magnets of the same kind N or Z are situated. If this measure is not taken, a fluctuating 
O 10 torque is applied to both sets of current-conducting coils during the movements, causing a 



kind of rocking movement of the moving part (coil block or carrier with magnets) relative to 
the stationary part about the Z axis. This rocking effect is substantially reduced by the shift of 
the sets of coils relative to one another, because a torque arising in one of the two sets of coils 
will compensate for the torque in the other one of the two sets of coils. 



approximately k times the pole pitch 16 of the magnets (see Fig. 2), k being a multiple of 2. 
The sum of the magnetic field remains substantially constant upon a movement in the 
longitudinal direction of the current conductor in this case. Fluctuations in the force exerted 
on the current conductor are smaller then. This application is not dependent on the number of 



stepper for the lithographic manufacture of integrated circuits. The wafer stepper comprises a 
ftame 30 for supporting a displacement device 31, a focusing unit 32, a mask holder 33, and a 
radiation source 34. The radiation source 34 is provided with a light source 35. A mask 36 

25 provided with a pattern of an integrated semiconductor circuit can be placed on the mask 

holder 33. The focusing unit is an imaging or projection system provided with an optical lens 
system 37 with an optical axis 38. An identification unit 39 is fijrther fastened to the fi-ame 
30. The displacement device 3 1 comprises Ihe carrier 5 with the system of magnets 4 thereon. 
The carrier 5 is fastened on the firame 30. The displacement device jfurther comprises a first 

30 and a second coil block 6a and 6b, each with a substrate holder 40, 41, on which respective 
semiconductor substrates 42 and 43 can be placed. The coil blocks can be levitated above the 
system of magnets 3 and can be directed with the substrate holders to any position in the X- 
Y-plane above the system of magnets independently of one another in that the electric 
currents through the coils of the coil blocks are correctly commutated. This has the advantage 



15 



The length 19 of the current conductors is chosen such that it is equal to 



20 



coils and phases. 



Fig. 4 shows an example of the use of the displacement device in a wafer 
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that actions such as the moving of the substrate holders ftom and to a loading/unloading 
position (not shown), an identification position (below the identification unit 39), and an 
exposure position (below the focusing unit 32) can be carried out simultaneously and fully 
independently of one another, whereby a greater capacity (output) is obtained. A bearing 
action between the substrate holder and the magnet surface can again be obtained in this 
construction owing to the levitation force. 

If no current is flowing through the coils of the coil blocks 6, there is no 
electromagnetic levitation force, and the coil blocks will rest on the system of magnets 3 
under the influence of gravity. 

It will be assumed for simplicity's sake in the following description that the 
arrangement shown in Figs. 1 and 2 is in horizontal position, the first part 1 of the 
displacement device being stationary and the second part 2 of the displacement device being 
displaceable above the stationary part 1. 

If no current is passed by the coils of the coil block 6, for example owing to a 
power failure or because the device has been switched off, the coil block 6 will rest on the 
stationary part 1 of the displacement device under the influence of gravity. A correct 
commutation of the various coils of the coil block 6 is necessary if the coil block 6 is to be 
electromagnetically levitated and displaced in directions along the XY-plane in a controllable 
manner. 

The displacement device is for this purpose provided with a number of sensors 
sensitive to magnetic fields, which sensors supply a signal which is dependent on the local 
mutual positions of the permanent magnets of the first part 1 relative to the electric coils of 
the second part 2 in the region where they overlap. Preferably, the sensors sensitive to 
magnetic fields are present in the portion in which the coil systems are present, i.e. in the 
movable part 2 in the present case. 

Fig. 5a is a diagrammatic overview of the placement of a number of sensors 
sensitive to magnetic fields, which in this case are presimied to be Hall sensors. The sensors 
are referenced 45 and are arranged in linear arrays, in this case each comprising four Hall 
sensors 45 referenced Axl 1, Axl2, Ax21, Ax22, Ayl and Ay2. These arrays of Hall sensors, 
which are connected to the movable coil block in the example discussed here, are depicted as 
lying above a portion of the stationary first part 1 of the displacement device. Fig. 5a shows a 
system of coordinates XY which corresponds to the system of coordinates XY of Fig. 2, as 
well as a system of coordinates comprising the two diagonals D1-D2 which are mutually 
perpendicular and perpendicular to the XY-axes. 
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Magnets of the third kind H are arranged between the magnets of the first kind 
N and the magnets of the second kind Z, as was discvissed above. Furthermore, as was 
discussed above, the magnets of the first N and the second kind Z are of square shape and 
mutually identical The distance between two mutually adjoining diagonal lines on which the 
5 center points of magnets of the same kind, N or Z, are situated is denoted the pole pitch and 
is indicated with the letter p in Fig. 5a, The length of each of the linear arrays Axl 1 to Ay2 in 
the embodiment shown is equal to this pitch distance p. The linear arrays Axl 1, Axi25 Ax21, 
and Ax22 extend in a first diagonal direction D2, and the two arrays Ay 1 and Ay2 extend in a 
second diagonal direction Dl perpendicular to D2. 

10 When an array is displaced in the direction of the diagonal along which the 

array extends, the average of the signals generated by the Hall sensors of the relevant array 
will have an approximately constant value because the length of the array, i.e. the distance 
between the centers of the outermost Hall sensors of an array, is equal to twice the pole pitch 
p, apart from a certain ripple on the signal This ripple may be reduced in that the number of 

1 5 Hall sensors in an array is increased and/or the length of the array is increased, so that it no 
longer has a length equal to twice the pole pitch p but, for example, equal to 2p, 4p, i.e. 
2np with n = 1, 2, 3, .... If on the other hand an array is displaced in a direction perpendicular 
to the diagonal along which the array extends, a periodically variable signal is measured by 
each of the Hall sensors of the array, the period whereof is equal to the pole pitch p of the 

20 subjacent magnetic field. Obviously, one Hall sensor of an array will measure a signal 

different from the signal measured by another Hall sensor of this same array. Joining together 
of the signals of all Hall sensors of an array in a suitable manner, however, leads to a 
sinusoidally varying signal with the period or cycle p. Looking at Fig. 5a, therefore, it may be 
said that the Hall arrays Axl 1 , Axl2, Ax2 1 , and Ax22 are sensitive to variations in the 

25 subjacent magnetic field in the direction Dl but not in the direction D2. On the other hand, 
the arrays Ay 1 and Ay2 are sensitive to displacements in the direction D2 and not in the 
direction DL The local position of the system of coils can be measured within a single pole 
pitch in the directions Dl and D2 through a suitable combination of the signals originating 
from the various arrays, i,e. in two dimensions above the stationary part 1 of the displacement 

30 device. 

The two linear arrays Axl 1 and Axl2 form a system of two mutually adjacent 
arrays of the same orientation having a mutual distance of l/2p + n x p, with n = 1, 2, 3, .... 
The same is true for the two linear arrays Ax21 and Ax22 and the two linear arrays Ayl and 
Ay2, In tiie embodiment shown in Fig. 5, therefore, each array of Hall sensors belongs to a 
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system of two mutually adjacent arrays of the same orientation having a mutual distance of 
l/2p + n X p. The object of this dual arrangement is to enable a measurement not only of the 
local position of the movable part of the displacement device relative to the stationary part, 
but also a determination of the durection of the displacement If, for example, the two Unear 
arrays Axl 1 and Ax 12 are displaced along the Dl axis in a direction from bottom to top in 
the drawing, then the signal measured by the array Axl 1 will be ahead of the signal measured 
by the array Axl 2 by one quarter cycle. This phase shift is reversed if the system of the two 
arrays is displaced from top to bottom as shown in the drawing. The direction of the 
displacement may thus be readily derived from this phase difference. The direction of 
movement along the D2 axis may be determined in the same maimer by means of the system 
of arrays Ayl, Ay2. 

As Fig. 5a shows, the system of arrays Ax21 and Ax22 is situated at a distance 
from and in the extension of the system Axl 1, Axl2. This provides a possibihty of 
measuring small rotations of the movable part of the displacement device with respect to the 
stationary part. In Fig. 5, for example, a small rotation of the movable part of the 
displacement device relative to the stationary part will have the result that the system Axl 1, 
Axl 2 assumes a different local position with respect to the subjacent local magnetic field, 
and accordingly generates a different output signal than does the system Ax21, Ax22. The 
extent of the angular rotation may be ascertained from this difference. 

It is alternatively possible to use sensors having two directions in which they 
are sensitive to magnetic fields. If, for example, the sensors 45 of the two linear arrays Axl 1 
and Ax 12 are magnetically sensitive in the direction Dl and in a direction D3 which encloses 
an angle a (in degrees) over the axis D2 with the direction of Dl, the mutued distance of these 
arrays must be equal to l/2p - a x p/1 80 + n x p, with n = 1, 2, ... This is clarified in Fig. 5b, 
which is a cross-sectional view taken on the line V-V in Fig 5a. The distance between the 
system of magnets 3 and the system of coils 4 supporting the sensors is depicted with an 
exaggerated size for reasons of clarity. The same is true for the sensors of the other pairs of 
arrays, with the proviso that the sensors of the arrays Ayl and Ay2 are sensitive to magnetic 
fields in the directions D2 and D3. If the angle a is equal to 90"", the arrays can coincide for 
n = 0. In this situation, in which the magnetically sensitive direction D3 is perpendicular to 
the directions Dl and D2, one array Axl, one array Ax2, and one array Ay can suffice. An 
example of this is shown in Fig, 5c, where the sensors 45 in the linear arrays Axl and Ax2 
are accordingly sensitive in the directions Dl and D3, whereas the sensors 45 in the linear 
array Ay perpendicular thereto are sensitive in the directions D2 and D3, said directions Dl, 
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D2, and D3 being perpendicular to one anollier, as is shown in the drawing. This embodiment 
accordingly requires only half the number of arrays with sensors compared with the 
embodiment of Fig. 5a. This also saves space. 

Fig. 6 diagrammatically shows the control system used for positioning the 
movable part of the displacement device relative to the stationary part through measurement 
of the local position by means of Hall sensors and a corresponding commutation of the 
relevant coils of the coil block. Passing the correct currents through the coils also renders it 
possible to levitate the movable part relative to the stationary part. A digital signal processor 
is used for determining the position of the coil block above the stationary part of the 
displacement device. The block 50 of the control circuit is used for calculating the positions 
of the Hall sensor arrays and accordingly of the coil system of the coil block with respect to 
the magnets of the stationary part 1 of the displacement device situated therebelow. The 
output signal 51 of the block 50 is accordingly a position signal indicating the local position 
in the directions X and Y and is supplied to the block 52 which comprises the commutation 
algorithm. The block 52 receives as a further input signal an adjustment signal 53 for the 
desired force or desired torque to be exerted on the movable part of the displacement device. 
The output signal 54 is supplied to a power amplifier 55 whose output signal 56 is fed to the 
coil block 57. The signal 56 comprises the currents which are to be sent to each of the coils of 
the coil block 57. The forces exerted on the coils of the coil block as a result of this lead to a 
displacement, symbolized by the block 58, of the coil blocks whereby a local change arises in 
the position of the coil block relative to the subjacent magnetic field. Position signals are 
generated by the systems of arrays of Hall encoders, symbolized by the block 59, the output 
signal 60 is supplied to the block 50 again for position determination. Not shown in the 
diagram are additional arrangements which serve to compensate for the influences of the 
magnetic fields generated by the electric coils on the various Hall arrays. Since these 
influences can be predicted, suitable compensation measures can be incorporated. It is also 
possible to determiue firom the amplitudes of the signals of two arrays belonging togetitier the 
vertical distance between the arrays and the magnet plate, and thus the vertical distance 
between the coil block and the magnet plate. 

Fig. 7 finally illustrates a circuit which may be used for forming an average 
position signal by means of the four Hall sensors 45 of the Hall sensor array Axl 1, 
symbolically indicated with a broken-line frame. Each of the Hall sensors is for this purpose 
connected to an individual differential amplifier 61 which is known per se, the joint output 
signals thereof being summed by an operational amplifier 62 so as to form an average output 
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voltage at terminal 63 with respect to a ground terminal 64. A major advantage of the use of 
individual differential amplifiers 61 for the Hall sensors 45 is that the gain factors of the 
differential amplifiers may be adapted to the sensitivities of the respective Hall sensors, the 
object being to provide an output signal fi:om each Hall sensor which is not affected by 
mutual differences in gain factors. 

Although the invention was described above with reference to a number of 
embodiments in the field of so-called wafer steppers, the invention is by no means limited to 
such embodiments, but instead covers all embodiments possible within the scope of the 
appended independent claim 1 . The invention may thus be used in other displacement devices 
in which a movable part is to be displaced relative to a stationary part or relative to another 
movable part. It is essential for the invention that a local position determination of the one 
part with respect to the other part takes place through the use of sensors sensitive to the 
magnetic field of the permanent magnets, so that a local position determination can take 
place relative to the subjacent magnetic field even in the stationary state. Hall sensors are 
advantageously used for this because these sensors are suitable for processing strong 
magnetic fields. In principle, however, it is by no means impossible to use alternative kinds 
of sensors sensitive to magnetic fields. The xise of arrays of sensors sensitive to magnetic 
fields and having a length equal to the pole pitch or to several times the pole pitch of the 
magnetic field is advantageous; however, the length of the array nmy be different from that 
indicated above and shown in the drawings, and the number of magnetically sensitive sensors 
per array may be greater or smaller than disciissed and shown. The coils may be arranged in 
configurations other than that shown in Fig. 3. Reference is made to Fig. 8 for an example of 
this. 

Fig. 8 shows four coil systems 70 which extend two-by-two in the same 
direction Dl and in the same direction D2 at regular distances firom one another. Each of the 
coil systems 70 comprises three coils 71 situated in the same plane, which is indicated for 
only one of the coil systems 70. Linear Hall arrays 72 are positioned within each of the coils 
71, again indicated for only one of the coil systems. The electric coils 71 are substantially 
rectangular in shape and accordingly have mutually opposed, parallel straight sides, for 
example the two sides 73 indicated for one of the coils in Fig. 8. The electric coils 71 of each 
coil system are arranged with their mutually corresponding sides 73 in parallel, while each 
linear array 72 is positioned so as to be parallel to the sides of the immediately adjacent 
electric coil and at equal distances to the ends 74 thereof 



